i-Needle: Detecting the Biological Mechanisms of Acupuncture by Nardini, Christine et al.
Produced by the Science/AAAS Custom Publishing O!ce Produced by the Science/AAAS Custom Publishing O!ce






Articles can be cited using the following format: [Author Name(s)], Science 3466XSSO6[[6[[
,QWKLVƓUVWLQVWDOOPHQWRIDWKUHHSDUWVHULHVŏ7KH$UWDQG6FLHQFH
RI7UDGLWLRQDO0HGLFLQHŐZHSUHVHQWDVHULHVRIDUWLFOHVPDNLQJ
a case for the integration of traditional Chinese medicine (TCM) 
LQWRPRGHUQPHGLFDOSUDFWLFH)URPWKHQHZ:+27UDGLWLRQDO
Medicine Strategy to the application of systems biology in 
studying TCM, we aim to highlight the potential for creating 
DQLQWHJUDWHGQHWZRUNEDVHGKHDOWKFDUHV\VWHP7KHQH[WWZR
LVVXHVZLOOFRYHUKHUEDOJHQRPLFVDQGKLJKOLJKWWKHLPSRUWDQFH


















   i   li i  
Tai-Ping Fan, Ph.D. *XHVWSURMHFWHGLWRU 
8QLYHUVLW\RI&DPEULGJH8.
Josephine Briggs, M.D.  
1DWLRQDO&HQWHUIRU&RPSOHPHQWDU\	$OWHUQDWLYH0HGLFLQH1,+86$
Liang Liu, M.D., Ph.D. 
0DFDX8QLYHUVLW\RI6FLHQFH	7HFKQRORJ\0DFDX6$5&KLQD
Aiping Lu, M.D., Ph.D. 
+RQJ.RQJ%DSWLVW8QLYHUVLW\+RQJ.RQJ6$5&KLQD
Jan van der Greef, Ph.D. 
8QLYHUVLW\RI/HLGHQDQG7127KH1HWKHUODQGV




 S2 Supporting the integration and modernization 
of traditional medicine
  Margaret Chan, M.D.
 6 A middle way for traditional medicine   
Alan Leshner, Ph.D.
  Science/AAAS
 6 Message from the editorial team  
Articles
 6 The WHO Traditional Medicine Strategy 2014–2023: 
A perspective
   S7 $JOREDOVFLHQWLƓFFKDOOHQJH/HDUQLQJWKHULJKWOHVVRQV
from ancient healing practices 
 6 East is East and West is West, and never the twain  
shall meet? 
 6 Zheng: A systems biology approach to diagnosis and 
treatments
 S16 Integrated network-based medicine: The role of 
traditional Chinese medicine in developing a new 
generation of medicine
 6 TheKXQWIRUDQWLƓEURWLFDQG SURƓEURWLFERWDQLFDOV
 S21 i-NHHGOH'HWHFWLQJWKHELRORJLFDObPHFKDQLVPVRI
acupuncture
 6 Purinergic signaling in acupuncture
This is the start of something big.
Introducing Science Advances – the new, online-only, open-access journal from Science
and AAAS. Find out how you can be among the first authors published at scienceadvances.org.


















Produced by the Science/AAAS Custom Publishing O!ceProduced by the Science/AAAS Custom Publishing O!ce
/UKL]RPHDQKHUEFRPPRQO\XVHGLQ$XVWUDOLDWRWUHDW
symptoms of menopause and rheumatoid arthritis (28), and 
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ness campaigns, education of patients, funding for research 
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concept in many countries (34), many clinical reports on herbal 
WUHDWPHQWRIƓEURWLFGLVHDVHVDUHFULWLFL]HGIRUSRRUTXDOLW\
'LVHDVHVIRUZKLFKWKHOLWHUDWXUHKDVEHHQUHFHQWO\UHYLHZHG


















 7$:\QQ Nat. Rev. Immunol. 4
 6/)ULHGPDQ'6KHSSDUG-6'XIƓHOG69LROHWWHSci. Transl.  
 Med. 5VU
 3:1REOHet alLancet 377
 .6KDUPDet alJ. Am. Soc. Nephrol. 22
 0(&KR'&6PLWK0+%UDQWRQ653HQ]DN-%.RSS 
 Clin. J. Am. Soc. Nephrol. 2
 03LQHV,9ORGDYVN\$1DJOHUDrug. Dev. Res. 50,b
 '3XQLWKDYDWKL19HQNDWHVDQ0%DEXbBr. J. Pharmacol.b131,  
 
 5%UXFNet al., Liver Int. 27
 1')UHHGPDQet alAliment Pharmacol. Ther. 33
 ):HLet alEur. J. Clin. Microbiol. Infect. Dis. 32
 3/LXChin. J. Integr. Med. 18
 =;XNature 4806
 4;X-71RUPDQ66KULYDVWDY-/XFLR&D]DQD-%.RSS
 Am. J. Physiol. Renal Physiol. 293)
 4+Xet alNephrol. Dial. Transplant. 24
 4;Xet alLQRecent Advances in Theories and Practice of  
 Chinese Medicine;.XDQJ(G,QWHFK5LMHNDS
 7=KDQ;:HL=4&KHQ'6:DQJ;3'DLJ. Tradit. Chin.  
 Med. 31
 %-$XHUEDFKet alPLOS ONE 7H
 57/DLet alZhonghua Gan Zang Bing Za Zhi 20
 -%:DQJet alPLOS ONE 6H
 -<:DQJet alLiver Int. 34
 57HVFKNH-6FKXO]H$6FKZDU]HQERHFN$(LFNKRII&
 )UHQ]HOEur. J. Gastroenterol. Hepatol. 25
 )4+RX7/:DQJ;/LX1+XR*4:DQJ 
 Hepatogastroenterology 57
 *'=KRXet alZhonghua Gan Zang Bing Za Zhi 15, 212  
 
 '+&RQQRU.6RPHUV$01HOVRQ3*'ō$UEHOD5
 /XNDQGHTrop. Doct. 42
 .+LUDPDWVXet alAliment Pharmacol. Ther. 36
 .1RPXUD et alNihon Shokakibyo Gakkai Zasshi 109
 
 05*¸NPHQet alAnn. Intern. Med. 158
 .:RMFLNRZVNL+:RKOPXWK':-RKQVRQ**REH 
 Food Chem. Toxicol. 46
 56XQ;:Xb-/LX/6XQb//YPharmacology and Clinics of  






 6&+VLHK,+/LQ:/7VHQJ&+/HH-':DQJChin.  
 Med. 3
 )//LQ:Xet al., Nephron. Clin. Pract. 120F
 9-KD et al., Lancet 382
 -:DQJLancet 375
 )&KHXQJ et al., Chin. Med. 7
 -/LXLQThe Fundamentals of Fibrosis, and the Prevention  
 and Treatment of Fibrosis in Traditional Chinese Medicine-
 1LX&%HQ(GV3HRSOHōV+HDOWK3UHVV%HLMLQJS




 73)DQet alJ. Ethnopharmacol. 140
 4 ;Xet alBMC Complement Altern. Med. 13


















i-Needle: Detecting the biological mechanisms of 
acupuncture
A long standing obstacle to the (full) 














an intelligent needle (iQHHGOHDVDPHDQVWRRYHUFRPHWKH
DERYHPHQWLRQHGOLPLWDWLRQV
Acupuncture is being widely debated in the medical com
PXQLW\DVDSRWHQWLDODOWHUQDWLYHRUFRPSOHPHQWDU\WUHDWPHQW
for many diseases (17KHUHDUHQXPHURXVFKDOOHQJHVWR
DFKLHYLQJDFRQVHQVXVRYHUWKHXVHRIDFXSXQFWXUHLQDPHGL
FDOHQYLURQPHQWLQFOXGLQJƓOOLQJWKHJDSLQNQRZOHGJHDERXW
the underlying molecular mechanisms of acupuncture, and  
(re)interpreting traditional categories (such as acupoints, me
ridians, and qiDQGWKHUDSHXWLFLQGLFDWLRQVZLWKLQDQHYLGHQFH
EDVHGPHGLFLQHIUDPHZRUN,PSRUWDQWTXHVWLRQVDLPHGDWLQ
creasing our understanding of the molecular effects of needle 
VWLPXODWLRQKDYHEHHQSRVHGPRVWO\UHJDUGLQJSDLQFRQWURO
(2IXQFWLRQDOUHFRYHU\RIWLVVXH3), and immunomodulation 
(4ZLWKUHPDUNDEOHZRUNGRQHDVWRWKHFRUUHODWLRQRISDLQ
control with purinergic signaling (5, 68VLQJ
RPLFVEDVHG
WHFKQRORJ\DQGQHWZRUNUHSUHVHQWDWLRQVUHVHDUFKHUVKDYH








trometry/liquid chromatography, nuclear magnetic resonance) 











Understanding the biochemical signaling pathway that 
the mechanical rotation of an acupuncture needle sets into 
motion (9LVDQLPSRUWDQWVWDUWLQJSRLQW0HFKDQRVHQVLQJ






ing therapeutic results when mechanical stimulation is locally 





initiate healing (14, 157KHKRPHRVWDWLFHIIHFWVRIW\SH(07
LQFOXGHORFDOFKDQJHVLQSXULQHUJLFVLJQDOLQJLQŴDPPDWLRQ
FRQWUROUHJHQHUDWLRQDQGUHPRGHOLQJDWWKHVLWHRILQMXU\%\
contrast, acupuncture is recommended for systemic diseases 
OLNHUKHXPDWRLGDUWKULWLV1) and is thought to act in a more 
JOREDOIDVKLRQ
8VLQJWKHIUDPHZRUNZHSURSRVHKHUHZHFDQLQYHVWLJDWH
the long range, systemic effects of mechanotransduction by 





distally from the stimulation point (target organ), and 
V\VWHPLFDOO\EORRGDQGJDVWURLQWHVWLQDOPLFURELRPHŋFDQEH
used to construct a spatial analysis (177KLVLQIRUPDWLRQFDQ





sis and therapy, computational analysis must bring together 
WKHGLIIHUHQW
RPLFVDSSURDFKHV)LJXUH%FRXSOHGZLWKWKH




into account distal factors that might play a role in causing or 
PRGXODWLQJWKHSDWKRORJLHV
)XUWKHUPRUHWKHLGHQWLƓFDWLRQRIDGGLWLRQDOPDUNHUVLV
made possible with a complementary approach to the high 
Materials that appear in this section were not reviewed or 
assessed by Science Editorial staff, but have been evaluated by 
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WKURXJKSXWDQGORZVHQVLWLYLW\RIWKHVH
RPLFVDQDO\VHV7KLV











able to meet the energy demands of the proposed iQHHGOH
aŊҊ$K
The challenge for the realization of the iQHHGOHKDVDOUHDG\
PRYHGIURPWKHPLQLDWXUL]DWLRQWRWKHLQWHJUDWLRQVWHS23
Progress has already been made, based on recent reports of 
WKHPHDVXUHPHQWDQGWUDQVPLVVLRQRIWHPSHUDWXUHS+DQG
HQGRJHQRXVPHWDEROLWHGDWDXVLQJVLQJOHSODWIRUPHQ]\PH






and to addressing fundamental issues in acupuncture 
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more precise therapeutic indications, and establishing 
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Purinergic signaling in acupuncture
The proposed role of puriner







messages to motor neurons in the brain stem 
that control autonomic functions and modulate 
QRFLFHSWLYHDFWLYLWLHV+HUHZHUHYLHZDQGGH
VFULEHWKHUHFHQWHYLGHQFHIRUSXULQHUJLFVLJQDOLQJ







gic, noncholinergic neurotransmitter in the gut (1), 
DQGLQKHQDPHGWKHH[WUDFHOOXODUDFWLRQVRI
$73ŏSXULQHUJLFVLJQDOLQJŐVLQFH$73LVDSXULQH





This hypothesis suggested that mechanical 
GHIRUPDWLRQRIWKHVNLQE\QHHGOHVRUDSSOLFDWLRQ






ganglia and the spinal cord to the brain stem 
DQGK\SRWKDODPXV7KHVHEUDLQUHJLRQVFRQWDLQ




neuron messages also modulate the pathways 
WKDWOHDGWRFHQWHUVLQWKHFRUWH[UHVSRQVLEOH





Materials that appear in this section were not reviewed or 
assessed by Science Editorial staff, but have been evaluated by 




Supporting evidence for the hypothesis
6WXGLHVWKDWKDYHHVWDEOLVKHGWKHFRPSRQHQWVLQYROYHG
in the purinergic signaling pathway include: (i) release of 
ATP (in response to mechanical or chemical stimulation) 
FIGURE 1. Acupuncture 
and purinergic 
signaling. Insertion 




the skin, leading to 
the release of ATP by 
skin keratinocytes (1
$73ELQGVWRVSHFLƓF
receptors located on 
sensory nerve endings 
in the skin, P2X3 
and P2X2/3 (27KH
signaling message is 
then relayed via dorsal 






neurons, which control 
the functions of gut, 
lung, heart, arteries, 
and reproductive 
RUJDQVŋDOOPDMRU
targets for acupuncture. 
Signals also travel to 
the pain centers of 
the cortex, delivering 
a message to inhibit 
pain (65HSURGXFHG
with permission from 
reference 36
FIGURE 1. Elements of the 
i-needle. (A$YDULHW\RI'omics 
techniques can be used to 
monitor molecular progress 
across body sites and over time. 
The pictured model shows the 
spatiotemporal multi-'omic 
VDPSOLQJRIWKHPROHFXODUŴRZ
of events over the therapy’s 
delivery, from early molecular 
activation at the acupoint to the 
peripheral bloodstream and 
JDVWURLQWHVWLQDO*,PLFURELRPH
ҍELRPHWRXOWLPDWHO\UHDFK
the target organ. (B0XOWL
RPLF





progression. Sensors are mounted on an energy-autonomous device that is able to transmit information remotely and in real-time.
S23S22
